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1.0  INTRODUCTION 


The  objectives  of, Contract  BMKlfl«79*€-»0Qfl6- were  to  design  prototype  auto- 

r 

loader  and  recoil  systems  for  the  155mm  howitzer  mounted  in  the  M109A2  vehicle. 
These  systems  were  to  require  the  minimum  changes  possible  to  the  existing 
vehicle  and  were  not  to  impair  the  360-degree  traverse  and  0-  to  75-degree 
elevation  capability  of  the  weapon.  Projectiles  and  powder  charges  would  be 
stored  and  fed  automatically  by  either  powered  or  manual  operation  of  all 
functions,  with  a  burst  rate  of  three  rounds  in  10  seconds  and  a  sustained  rate 
of  four  rounds  per  minute.  The  howitzer  would  have  a  sliding  breech  and  a  fixed 
or  variable  recoil  length.  The  primers  would  be  fed  and  ejected  automatically 
as  well.  The  system  should  be  recoil  operated  with  Instantaneous  selection  cf 
the  various  powder  charges  and  projectiles  from  the  gunner's  station.  The 
ammunition  stowage  racks  should  hold  more  than  43  rounds  and  permit  setting  of 
the  fuzes  in  the  stowed  position. 

The  recoil  system  should  be  of  modular  design  with  each  module  replaceable 
without  draining  oil  or  gas.  All  cylinders  should  be  designed  for  a  maintenance- 
free  life  of  10,000  rounds.  Each  pair  should  be  identical,  and  the  system  should 
function  on  one  each  of  the  recoil  and  counterrecoil  cylinders.  Both  systems 
should  maintain  simplicity  and  adequate  reliability  while  operating  over  a 
temperature  range  of  -50^F  to  +160*F.  x 

The  following  is  a  report  of  the  methodology  and  design  of  the  autoloader 
and  recoil  system  designed  by  Pacific  Car  and  Foundry  Company  (PCF)  to  bes‘. 
fulfill  the  above  requirements  in  the  most  practical  and  reliable  manner. 


2.0  AUTOLOADER 


2.1  RATIONALE 

The  original  proposal  concept  provided  a  stowage  rack  mounted  across  the 
rear  of  the  vehicle  with  the  projectiles  and  powder  raised  from  the  stowed 
position  and  transported  along  their  respective  sides  to  a  feeder  which  held 
multiple  rounds.  The  magazine  type  feeder  on  each  side  of  the  gun  would  move 
up  to  the  stowage  rack  to  load  and  then  down  to  the  gun  position  to  present 
the  projectile  and  powder  to  the  rammer.  During  the  initial  evaluation  of  this 
design,  questions  arose  as  to  its  ability  to  perform  the  necessary  functions 
within  the  firing  cycle  constraints.  Initially,  the  idea  of  a  multi-round 
magazine  that  would  follow  the  weapon  in  elevation  for  the  burst-fire  rate 
seemed  to  be  the  best  method  of  reserving  the  maximum  allowable  time  for  load¬ 
ing  a  projectile  and  powder  charge.  However,  several  compromises  were  necessary 
with  this  system.  A  prefilled  magazine  of  heavy  projectiles  and  charges  of  one 
type  presented  the  necessity  of  removal  by  hand  should  the  <Mre  order  be 
changed  or  cancelled.  The  feed  system  required  projectiles  and  charges  to  be 
lifted  from  the  stowage  racks  to  cab  roof  level  and  then  moved  forward  to  the 
magazines,  which  would  lower  them  to  the  weapon  elevation.  Also,  the  system 
required  all  projectiles  to  be  stored  on  one  side  of  the  vehicle's  longitudinal 
center,  creating  a  gross  imbalance.  Depending  on  the  amount  of  ammunition  used, 
this  imbalance  would  change  greatly  as  rounds  were  consumed,  requiring  a  sophi¬ 
stication  of  the  vehicle's  suspension  system. 

Certain  design  parameters  become  apparent  during  this  initial  study  of 
the  autoloading  system.  To  conserve  energy  and  reduce  time,  it  would  be  de¬ 
sirable  to  move  the  projectiles  and  charges  as  short  a  distance  as  possible 
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while  attempting  to  use  gravity  to  the  best  advantage.  A  gravity  feed  system 
was  considered.  However,  a  study  of  such  a  system  indicated  a  reduced 
reliability.  A  system  which  would  advance  one  type  of  projectile  and  charge 
at  a  time  would  eliminate  the  necessity  to  remove  unused  rounds.  The  stowage 
racks  should  retain  the  projectiles  and  powder  in  a  positive  manner  during 
recoil  and  vehicle  operation.  Also,  the  system  should  stow  the  projectiles 
as  low  and  evenly  across  the  vehicle  as  possible  to  maintain  an  even  trim  and 
low  center  of  gravity  for  the  vehicle.  At  least  five  types  of  projectiles 
and  charges  should  be  readily  available.  Also,  a  modular  design  of  the  stowage 
racks  would  enhance  reloading  capabilities  as  well  as  provide  greater  reli¬ 
ability, 

The  resulting  design  presented  in  this  report  reflects  a  departure  from 
the  proposal  for  a  more  effective  and  reliable  system,  while  meeting  the  ob¬ 
jectives  of  the  contract  as  well, 

2.2  DESIGN 
2.2.1  Autoloader 

The  autoloader  design  evolved  from  the  combination  of  requirements  and 
trade-offs  necessary  to  produce  a  system  that  would  meet  the  required  firing 
rate  and  yet  be  operable  by  hand.  The  preliminary  conceptual  design  assumed 
that  the  firing  rate  could  be  met  only  by  using  a  magazine  type  loader  holding 
two  or  three  projectiles  and  powder  charges  and  moving  in  elevation  with  the 
weapon.  During  the  initial  design  phase  of  this  system,  it  became  apparent 
that  although  the  system  would  meet  the  requirements,  it  would  be  desirable 
to  eliminate  certain  features  if  possible.  The  necessity  to  elevate  the  ammuni¬ 
tion  from  the  feed  racks  to  the  reload  point  for  the  magazines  would  pose  a 


problem  for  manual  operation.  Also,  the  mechanism  would  be  fairly  complicated, 
and  a  weapon  stoppage  for  any  reason  would  require  removal  of  the  ammunition 
In  the  magazines  by  hand.  Also,  multiple  handling  of  the  ammunition  reduces 
the  system's  reliability.  In  addition  to  maintaining  the  proper  vehicle  trim, 
the  projectiles  should  be  stored  completely  across  the  vehicle  and  as  low  as 
possible.  To  accomplish  this,  it  would  have  been  necessary  to  reduce  the  types 
of  rounds  carried  and  complicate  the  feed  system  considerably;  therefore,  concepts 
for  alternate  methods  were  evaluated.  A  system  that  would  advance  one  round 
at  a  time  would  be  desirable.  However,  to  do  this  would  require  a  system  that 
would  follow  the  gun  during  full  elevation  and  yet  accept  ammunition  from  a  fixed 
point. 

In  the  design  resulting  from  this  study,  a  simple  system  of  sliding  arms 
(see  Figure  2-1,  Item  A)  was  devised  so  that  during  elevation  of  the  weapon  (see 
Figure  2-1,  Item  B)  about  the  trunnions,  the  support  anchors  (see  Figure  2-1, 

Item  C)  which  are  firmly  attached  to  the  gun,  provide  a  fixed  point  for  the 
telescoping  arms  at  all  elevations.  A  fixed  reference  point  at  the  vehicle  is 
provided  by  anchors  (see  Figure  2-1,  Item  D)  attached  to  the  turret.  The  geometry 
is  such  that  as  the  gun  changes  elevation,  the  fixed  anchors  at  the  gun  and  the 
feeder  lengthen  or  reduce  the  length  of  the  arms  (Item  A)  appropriately.  These 
arms  provide  a  track  for  the  feed  carriage  (see  Figure  2-1,  Item  E)  to  travel 
on.  Since  the  carriage  is  firmly  affixed  to  the  tracks  and  due  to  the  geometry 
of  the  followers  on  the  carriage,  the  carriage  will  always  be  level  at  the  feeder 
position  and  assume  the  angle  of  the  gun  when  moved  to  the  gun  position.  The 
carriage  is  powered  by  a  hydraulic  motor  (see  Figure  2-1,  Item  F)  which  drives 
a  chain  (designed  to  become  rigid  under  compression)  on  each  side  of  the  carriage 
(see  Figure  2-1,  rtem  6).  During  retraction  the  chains  will  bend  in  one  direction 
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only,  which  allows  them  to  turn  around  the  sprocket  and  store  in  a  small  place. 
Upon  arrival  of  the  carriage  at  the  gun  (shown  level  in  Figure  2-1  for  clarity), 
the  rammer  module  f see  Figure  2-1,  Item  H)  rises  from  its  stowed  position  below 
the  recoil  path  of  the  gun.  The  rammer  module  is  carried  with  the  gun  on  a  solid 
structure  (see  Figure  2-1,  Item  C)  to  maintain  its  relationship  with  the  bore 
centerline.  On  its  final  bit  of  travel,  it  picks  up  the  carriage  that  the  powder 
and  projectile  have  been  transferred  on  and  makes  the  final  alignment  with  the 
bore  for  ramming.  The  projectile  is  always  carried  on  the  centerline  of  the 
weapon;  therefore,  the  system  is  always  moving  the  heaviest  items  the  shortest 
distance.  The  carriage  moves  downward  when  carrying  a  projectile  and  powder, 
except  when  loading  at  gun  tube  angles  of  0  to  -10  degress  of  elevation.  A 
handcrank  at  the  motor  would  allow  rapid  operation  of  the  system  in  the  manual 
mode. 

The  rammer  (see  Figure  2-1,  Item  J)  is  of  unique  design  to  allow  stowage 
in  the  least  possible  space  and  ram  the  projectile  and  powder  separately  in  the 
least  possible  time.  The  rammer  is  a  "flick"  rammer  in  that  it  accelerates  the 
projectile  to  above  10  ft/sec  to  provide  proper  seating  force.  After  acceleration 
of  the  projectile,  the  rammer  leaves  the  base  of  the  projectile  1  inch  inside  the 
chamber.  The  rammer  is  capable  of  velocities  above  10  ft/sec  if  found  necessary 
during  testing.  Also,  the  alignment  of  the  projectile  and  rammer  to  the  center- 
line  of  the  weapon  can  be  adjusted  to  eliminate  balloting  during  the  projectile 
free  travel.  After  ramming  the  projectile,  the  rammer  returns  to  the  retracted 
position,  and  the  powder  charge  is  moved  over  in  line  with  the  weapon  and  pushed 
into  the  chamber.  The  rammer  is  throttled  to  leave  the  powder  the  required  1  inch 
inside  the  breech  surface.  The  rammer  is  retracted  and  lowered  while  the  carriage 
returns  to  the  feed  position  to  allow  full  recoil  at  any  elevation.  The  breech 
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will  close  automatically,  feeding  a  primer  and  arming  the  weapon,  ready  to  fire. 

The  weapon  is  oriented  so  that  the  breech  block  rises  when  opened  and  the  rammer 
assembly  provides  a  tray  to  the  rear  of  the  chamber  for  the  projectile  and  powder 
charge  to  travel  on  during  ramning.  The  rammer  cylinder  is  controlled  by  means 
of  a  valve  to  provide  the  speed  necessary  for  projectile  seating  and  reduced 
force  to  place  the  powder  in  the  proper  position. 

For  manual  operation  or  when  using  the  Copperhead  projectile,  the  weapon 
should  be  loaded  level  or  at  a  low  angle  to  allow  use  of  the  hand  rammer.  However, 
the  hydraulic  rammer  could  be  used  with  manual  control,  if  desired,  by  the  addition 
of  an  accumulator  and  hand  pump. 

A  study  to  determine  the  feasibility  of  using  the  recoil  stroke  to  charge 
accumulators  to  self-power  the  system  resulted  in  the  conclusion  that  such  a 
system  would  reduce  reliability  and  result  in  undesirable  complexity.  Past 
experience  in  the  recovery  of  recoil  energy  has  proved  unprofitable  due  to  the 
short  time  and  stroke  of  recoil  (approximately  20  miliseconds  and  22  inches  of 
travel).  If  required,  a  system  to  recover  energy  could  be  developed  in  the  future. 

Although  the  autoloader  is  primarily  designed  to  accommodate  a  sliding 
breech  and  modular  charge,  the  system  could  be  modified  to  use  the  present 
rotating  breech.  The  addition  of  an  extendable  tray  on  the  rammer  assembly 
to  bridge  the  threaded  portion  of  the  chamber  would  accomplish  this.  Bagged 
powder  could  be  used  with  this  system  with  the  addition  of  a  plastic  disc  to 
retain  the  bag  in  the  chamber  at  elevation. 

The  autoloader  as  presently  designed  will  accommodate  the  155mm  howitzer 
mounted  in  the  M1Q9A2  vehicle  with  no  major  modifications  needed  for  operation 
up  to  45  to  50  degrees  of  elevation.  To  achieve  a  full  75  degrees  of  elevation, 
the  weapon  trunnions  would  need  to  be  raised  approximately  6  inches  or  the  rammer 
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assembly  modified  to  stow  below  and  slightly  to  the  side  of  weapon.  This  would 
result  in  a  slightly  slower  rate  of  fire.  Computer  time  and  energy  studies  of 
the  autoloader  mechanism  show  the  ability  to  achieve  the  5  second  burst  rate 
within  reasonable  velocities  and  energy  levels.  The  computer  studies  (see 
Figure  2-2)  were  conducted  using  50  percent  of  the  time  to  accelerate  the 
mechanisms  and  50  percent  for  deceleration.  Additional  studies  using  60  percent 
acceleration  and  40  percent  deceleration  and  70  percent  acceleration  and  30  per¬ 
cent  deceleration  show  that  the  accelerations  and  energy  levels  could  be  optimized 
if  necessary. 

Stress  and  friction  calculations  and  details  of  the  autoloader  are  con¬ 
tained  in  Appendix  A. 

The  design  of  the  autoloader  uses  fabricated  and  commercially  available 
parts,  rather  than  castings,  extrusions,  and  special  parts,  to  facilitate  the 
building  of  a  prototype  prior  to  production  engineering. 

2.2.2  Stowage  and  Feeder 

The  stowage  and  feed  system  was  presented  a  challenge  in  the  need  to  provide 
six  different  types  of  projectiles  and  powder  charges,  readily  available  and  in 
any  order.  The  feed  system  must  offer  safe  reliable  stowage  for  the  components, 
yet  provide  ready  access  for  changing  fuses  or  charges,  and  for  replenishment. 

A  unique  system  using  a  lead  screw  type  device  to  advance  the  units  in  rows  was 
concepted  (see  Figure  2-1,  Item  K).  Each  row  would  use  two  lead  screws  to  capture 
the  units  in  the  rack.  These  same  lead  screws  would  advance  the  units  simply 
by  rotating  one  revolution.  To  reverse  the  feed,  the  drive  to  the  lead  screws  is 
reversed.  The  projectiles  and  charges  would  be  advanced  to  an  elevator  incorp¬ 
orating  the  same  type  of  lead  screws.  The  elevator  would  lower  the  projectile 
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and  powder  charge  to  trays  at  the  lowest  level  of  the  system.  These  trays  are 
in  line  with  the  feed  carriage  in  the  stowed  position  (see  Figure  2-1,  Item  L). 

A  set  of  pushers  moves  the  ammo  components  forward  to  the  feed  carriage  upon 
demand.  The  simplicity  of  this  system  is  very  desirable  (see  Appendix  C,  Draw¬ 
ing  C-l,  Sheet  4).  Also,  the  system  is  never  required  to  lift  the  projectiles 
and  powder  charges.  They  are  rolled  with  a  minimum  of  friction,  horizontally 
to  the  elevator,  where  they  are  lowered  to  the  ready  position.  The  drive  motors 
for  the  stowage  racks  are  fitted  with  a  handcrank  receptacle  for  manual  operation. 
The  elevator  motor,  which  is  also  used  as  a  brake,  is  fitted  with  a  receptacle 
for  manual  operation,  as  is  the  motor  that  advances  the  units  to  the  feed  carriage. 
Hydraulic  motors  are  used  for  compatibility  with  the  turret  drive  system. 

Energy  and  friction  requirements  are  minimized  by  the  use  of  plastic  or  nylon 
coatings  on  the  wearing  surfaces  of  the  system.  Projectiles  and  powder  charges 
are  firmly  held  in  place  at  all  times,  and  it  is  expected  that  advancement  and 
lowering  of  the  units  could  be  accomplished  while  the  vehicle  is  in  motion  or 
during  recoil.  However,  the  system  is  designed  to  advance  the  next  ready  round 
during  the  autoloader  cycle. 

The  stowage  and  feed  concept  was  so  unusual  that  it  was  decided  to  fabri¬ 
cate  a  half-size  model  to  prove  the  theory  prior  to  finializing  the  design 
(see  Figures  2-3  and  2-4).  The  model,  although  unrefined,  shows  the  ability 
to  use  the  concept  and  is  submitted  as  part  of  this  report.  The  racks  as  designed 
can  be  accommodated  aboard  the  M1Q9A2  with  a  minimum  of  modifications.  It  will 
require  a  slightly  higher  bustle  and  the  addition  of  a  set  of  doors  across  the 
back.  The  doors  are  designed  to  lower  to  a  horizontal  position  to  provide  a 
platform  for  individual  loading  of  projectiles  and  powder  charges.  The  doors 
can  also  be  dropped  to  a  vertical  position  to  provide  access  if  a  modular  rack 
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Figure  2-3.  Stowage  Rack  Model 
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Figure  2-4.  Stowage  Rack  Model 
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Is  used.  The  present  configuration  will  hold  30  complete  ready  rounds  (6  rounds 
of  5  types).  Adaptability  to  the  present  Ml 09  vehicle  and  modular  design  were 
the  prime  considerations  for  this  configuration.  A  modular  rack  is  shown  in 
Figure  2-1  (K).  The  elevator  section  remains  with  the  vehicle  as  do  the  drives  for 
the  stowage  rack.  The  concept  shows  fork  lift  pockets  to  facilitate  removal  of 
the  entire  rack  except  the  drives.  The  racks  and  drives  are  simple  and  would 
be  fairly  light.  The  racks  would  be  filled  at  the  depot  area  and  transported 
to  the  vehicle  directly.  Either  a  fork  lift  or  boom  crane  could  be  used  to 
remove  and  replace  the  racks.  Excess  room  was  left  at  the  bottom  of  these 
racks  for  a  test  situation;  however,  35  ready  rounds  could  be  carried  by  utili¬ 
zation  of  this  area  with  very  little  additional  modification.  Stress  calculations 
and  specific  details  are  contained  in  Appendix  A.  The  system  is  designed  to 
be  fabricated  from  available  material  welded,  etc.,  as  a  prototype.  Production 
design  would  include  the  use  of  castings,  extrusions,  etc. 

2.2.3  Primer  Loader 

The  automatic  primer  feed  system  for  the  155mn  autoloader  performs  basically 
the  same  function  as  a  small  arms  automatic  weapon.  However,  the  shape  of  the 
M82  or  Ml 19  primer  does  not  lend  itself  well  to  autoloading  as  the  sharp  square 
front  and  the  rim  at  the  base  create  difficulties  not  normally  encountered  with 
regular  cartridges.  Also,  the  necessity  for  the  primer  loader  to  operate  in 
conjunction  with  the  breech  presents  a  unique  cycling  problem.  The  sliding  breech 
was  selected  as  the  prime  candidate  for  the  autoloader  system.  Therefore,  the 
primary  emphasis  of  the  design  is  the  use  of  this  type  of  breech.  Although 
either  of  the  concepts  could  work  with  the  rotating  breech,  a  rotating  bolt  type 
mechanism  would  probably  be  used. 
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Standard  automatic  weapon  actions  generally  extract  and  feed  by  recoil  or 
gas  pressure.  It  was  not  deemed  desirable  to  extract  the  primer  while  pressure 
remained  in  the  bore.  Also,  a  primer  should  not  be  fed  into  the  firing  position 
until  just  before  firing  the  cannon.  The  system  also  should  be  activated  by 
the  motion  of  the  breech  rather  than  be  externally  powered. 

To  meet  the  above  criteria,  it  appeared  that  a  straight  line  locking 
arrangement  would  be  in  order  to  simplify  the  system  and  take  advantage  of  the 
sliding  breech  motion.  The  initial  design  used  a  basic  rotating  bolt  type  lock. 
However,  this  was  activated  by  a  straight  forward  and  aft  motion  of  the  bolt 
carrier  (see  Appendix  D,  Layouts  D-l  and  D-2).  This  system  had  the  disadvantage 
of  length,  complexity,  and  probably  the  necessity  to  round  the  forward  end  of  the 
primer  to  permit  smooth  feeding  into  the  chamber. 

The  concept  chosen  (see  Appendix  C,  Drawing  C-2)  is  a  simple  mechanism 
activated  by  a  cam  surface  on  the  breech,  which  provides  a  straight  rearward 
pull  on  the  bolt  lever.  As  the  bolt  carrier  moves  to  the  rear,  the  firing  pin 
is  retracted,  releasing  the  locking  lugs.  The  bolt  comes  forward,  driven  by  a 
cam  on  the  breech,  as  the  breech  closes.  This  feeds  a  primer  from  the  basic 
10-round  clip  or  optional  30-  to  60-round  drum  (see  Appendix  D,  Layout  D-3). 

The  primer  is  positively  guided  into  the  chamber  and  is  engaged  by  the  extractor. 
When  fired,  the  bolt  is  driven  forward  by  a  spring  developing  approximately 
60  pounds  force.  The  firing  pin  reacts  directly  on  the  locking  lugs.  The 
forward  motion  of  the  firing  pin  moves  the  locking  lugs  out  into  position  and 
fires  the  primer.  If  the  bolt  is  not  locked  or  the  lugs  are  unable  to  lock  for 
any  reason,  the  primer  cannot  be  fired.  During  the  breech  opening,  the  bolt 
carrier  moyes  to  the  rear  with  the  firing  pin.  The  locking  lugs  are  released 
and  the  spent  primer  extracted  and  ejected.  The  firing  pin  locks  in  the  rear. 
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or  cocked,  position.  The  entire  assembly  is  mounted  in  an  interrupted  thread 
housing  which  allows  easy,  fast  removal  from  the  weapon  for  service  or  replace¬ 
ment.  The  primer  may  be  fired  using  the  integral  solenoid  or  manually  with  a 
lanyard.  (See  Appendix  C,  Drawing  C-2  and  Appendix  D,  Layout  D-3.) 

All  components  of  the  primer  feeder  are  rugged,  minimum  tolerance  parts 
for  reliability  and  ease  of  maintenance. 

2.2.4  Controls 

The  autoloader  controls  (see  Figure  2-5)  present  a  go/no-go  display  for 
the  gunner  and/or  assistant  gunner.  Standard  solid  state  circuitry  techniques 
will  be  used  (see  Figure  2-6).  The  controls  are  capable  of  fully  automated 
operation  when  interfaced  with  a  fire  control  computer  system  or  they  can 
operate  in  an  autonomous  fashion.  Three  modes  of  operation  are  available. 

The  manual  mode  requires  the  gunner  to  address  each  function  and  activate  it 
as  well.  The  auto  mode  requires  the  gunner  to  select  rate,  projectile,  charge, 
and  number  of  rounds  only.  All  other  functions  except  the  fire  initiate  are 
done  automatically.  In  the  computer  mode,  the  system  is  interfaced  with  the 
fire  control  system  and  reacts  to  the  fire  order  sent  from  the  FDC.  The  gunner 
commands  by  exception  and  can  hold  or  abort  the  mission  from  his  controls.  In 
the  use  of  the  computer  controlled  system,  the  FDC  could  have  a  similar  control 
panel  or  a  reduced  function  panel  to  monitor  the  system  functions  and  maintain 
ultimate  control  of  each  weapon  system.  Should  a  problem  occur  during  operation 
of  the  system,  it  will  show  a  red  light  and  stop  at  that  function  until  corrective 
action  is  taken.  Each  operation  is  fail  safe  and  must  be  in  a  "go"  mode  for 
the  system  to  advance  to  the  next  position.  During  the  automatic  operation, 
the  go/no-go  signal  will  appear  as  the  function  is  performed.  The  fire  order 
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FUNCTION 


MODE 


(Not  to  Scale) 


SUSTAINED 


Fail  Ready 


RED  GREEN 


BURST  Q 


NUMBER 
ROUNDS  ’ 


PROJECTILE  HE 


CHARGE 


REMAINING 


FEEDER  ACTIVATE 


SELECTEO  PROJECTILE  AND 
CHARGE  IN  POSITION 


LOADER  ACTIVATE 


PROJECTILE  AND  CHARGE 
REAOY  TO  RAM 


RAMMER  ACTIVATE 


PROJECTILE  ANO  CHARGE 
RAMMEDNO  FALLBACK 


BREECH 


PRIMER  CLOSE 


RECOIL  SYSTEM  -  FAIL  SIGNAL  REQUIRES  CHECK  OF  RECOIL  PANEL 


COORDINATES 


_ FIRE  ORDER _  _ FIRE  ORDER _ 

X  X  X  X  X  x  x  x]  [xxxxxxxx' 
xxxxxxxx  xxxxxxxx 

GUN  POSITION  GUN  POSITION 

AZIMUTH  ELEVATION 

COVERED  TUBE  TEMP  TIME 


Figure  2-5.  Autoloader  Panel 


Figure  2-6.  Standard  Type  Programmable  Controller 
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coordinates  are  displayed  in  the  upper  panels,  and  the  system  will  not  advance 
to  the  fire  mode  until  these  numbers  are  matched  either  manually  or  by  the  gun 
system.  The  go/no-go  light  for  the  recoil  system  will  indicate  if  a  problem 
exists,  thereby,  notifying  the  gunner  to  check  the  recoil  system  panel  for  the 
specific  problem.  The  panel  could  incorporate  fallback  indication  as  well  as 
tube  temperature  and  the  amount  of  time  the  breech  has  been  closed  or  the  safe 
time  to  cook-off.  The  hold  button  will  simply  hold  the  system  ready  and  require 
the  gunner  to  lift  the  cover  and  press  the  fire  button.  The  abort  switch  will 
open  the  breech  and  extract  the  primer.  The  ammunition  select  buttons  will 
also  serve  as  an  Indicator  for  the  number  of  each  type  of  projectile  and  charge 
remaining  in  the  stowage  racks.  As  the  gunner  selects  the  typ?  and  number  of 
projectiles  and  powder,  the  switches  will  light  up,  e.g.,  if  he  should  press 
the  number  4  to  indicate  4  rounds,  and  then  selects  HE  for  the  projectile,  the 
number  2  indicator  would  begin  flashing  if  he  only  had  2  HE  rounds  left  in  the 
rack.  The  same  would  hold  true  for  the  charge  as  well.  An  added  feature  would 
be  a  digital,  counter  to  indicate  the  number  of  units  remaining  for  each.  To 
ensure  the  proper  projectile  and  powder  charge  will  be  fed  to  the  weapon,  sensors 
for  weight  of  charge  and  type  of  projectile  are  incorporated  on  the  feed  trays. 
The  system  will  hold  and  indicate  the  type  of  units  in  the  feed  trays  by  flashing 
the  appropriate  select  buttons. 

The  use  of  a  simple  micro-processor  with  a  memory  will  allow  the  unit  to 
be  used  for  other  uses  such  as  hatch  and  spade  positions,  engine  functions, 
vareious  liquid  levels,  etc.,  if  desired.  If  a  fire  control  system  is  used,  the 
fire  control  computer  could  be  interfaced  with  the  control  sensors,  thus, 
eliminating  the  need  for  a  separate  micro-processor. 
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2.3  CONCLUSIONS  AND  GROWTH  POTENTIAL 

The  complete  autoloader  system  offers  a  growth  potential  for  the  155mm 
weapon  mounted  in  the  Ml 09  vehicle  and  all  other  cannons  using  one-  or  two-part 
ammunition  desiring  the  ability  to  load  and  fire  at  all  degrees  of  elevation 
or  while  stabilized  or  moving. 

The  basic  design,  as  reported  here,  is  the  result  of  a  study  in  a  limited 
time  with  specific  requirements  for  interface  with  the  existing  weapon  system. 
An  improved  version  of  the  system,  as  desired  for  the  Ml 09,  would  Include 
development  of  some  of  the  following  areas. 

Additional  racks  of  ammunition  can  be  carried  in  the  area  forward  of  the 
existing  racks  using  a  mechanism  to  move  the  ammunition  rearward  to  be  accepted 
by  the  existing  carriage.  Either  of  these  systems  would  provide  up  to  50  or 
60  ready  rounds  in  the  existing  vehicle.  The  vehicle  would  still  maintain 
enough  space  to  carry  an  adequate  supply  of  Copperhead  and  special  purpose 
rounds. 

A  study  to  determine  the  feasibility  of  an  underslung  carriage  to  accept 
the  projectiles  and  powder  charges  directly  from  the  elevator  would  provide 
a  simple  solution  for  the  addition  of  another  rack  of  ammunition  forward  of 
the  existing  racks. 

The  compact  nature  of  the  autoloader  and  storage  racks  will  permit  isola¬ 
tion  of  the  gunner  and  assistant  gunner  by  providing  an  enclosure  that  will 
turn  with  the  turret,  with  doors  into  the  gun  compartment  as  well  as  hatches 
in  the  turret  roof.  This  arrangement  would  provide  smoke,  heat,  noise,  and 
C8R  protection  for  both  crewmen.  The  system  should  be  capable  of  manual  opera¬ 
tion  and  maintenance  by  the  gunner  and/or  assistant  gunner,  eliminating  the 
need  for  additional  crewmen.  Should  sustained  firing  be  required,  additional 
crewmen  would  be  assigned.  The  autoloader  system  as  designed  could  provide 


total  autonomous  operation  of  the  M1Q9  when  interfaced  with  a  fire  control 
system. 

The  telescoping  arms  of  the  autoloader  could  possibly  be  replaced  by  a 
strong  back  chain,  over  which  the  carriage  could  travel.  This  would  eliminate 
some  complexity  of  the  system. 

A  compromise  of  the  turrets  ability  to  traverse  through  approximately 
120  degrees  rather  than  360  degrees  could  provide  a  lower  profile  with  increased 
stowage  of  ammunition  because  the  bustle  would  extend  much  lower  and  turn  with 
the  turret. 

The  anticipated  5  seconds  between  rounds  might  be  further  optimized, 
depending  on  the  weapon  configuration  and  recoil  system. 
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3.0  RECOIL  SYSTEM 


3.1  RATIONALE 

The  basic  goal  of  this  effort  was  to  design  a  recoil  system  that  could 
be  retrofitted  to  the  Ml 09  and  that  would  provide  a  significant  Improvement 
in  reliability  and  maintainability  over  the  existing  system.  This  was  a- 
chleved.  The  integral  buffers  and  replenishes  which  eliminate  all  hydraulic 
plumbing  will  provide  this  significant  improvement. 

A  secondary  goal  to  provide  safe  operation  if  one  cylinder  of  either 
pair  of  recoil  or  counterrecoil  cylinders  becomes  Inoperative  was  not  achieved. 
This  is  due  to  the  following  two  reasons. 

First,  to  permit  a  reasonable  retrofit,  only  one  counterrecoil  cylinder 
can  be  utilized.  The  location  where  a  second  cylinder  could  be  installed  is 
occupied  by  the  direct  fire  telescope.  There  seems  to  be  no  practical  way 
to  relocate  this  telescope  in  a  retrofit  program. 

Second,  the  impulse  of  the  rounds  expected  to  be  fired  from  the  new 
gun  is  so  great  that  it  became  impractical  to  consider  permitting  firing 
with  only  one  recoil  cylinder  operating. 

Modification  of  the  gun  mount  structure  required  to  accept  the  new 
recoil  system  consists  basically  of  cutting  off  and  boring  out  tne  existing 
welded-in  recoil  cylinders.  The  new  gun  mount  assembly  will  be  very 
"clean".  The  buffer  cylinder,  replenisher  cylinder,  and  all  hydraulic 
tubing  and  fittings  will  be  gone. 

A  constant  length  recoil  system  was  selected  because  analysis  showed 
that  recoil  length  had  little  effect  on  vehicle  motion  resulting  from 
firing.  (See  Appendix  B3.)  Vehicle  motion  is  primarily  a  function  of  the 
magnitude  of  the  impulse  of  the  round  fired.  It  is  effected  only  slightly  by 
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changes  in  trunnion  reaction,  unless  the  recoil  length  can  be  made  long  enough 
so  that  static  equilibrium  is  approached.  Such  a  long  recoil  travel  is  not 
practical  in  the  Mi 09. 

Although  the  new  gun  and  ammunition  have  not  been  finalized,  the 
following  weapon  characteristics  were  furnished  by  ARRADCOM  for  design 
purposes: 

Projectile  weight . 98  lb 

Projectile  velocity .  3,250  ft/sec 

Propellant  weight . 40  lb 

Recoiling  weight  .  9,600  lb 

3.2  DESIGN  (see  Appendix  81  and  Appendix  C,  Drawings  C-3,  Sheets  1  and  2) 

3.2.1  Recoil  Cylinder 

The  following  is  a  discussion  of  the  major  features  of  the  recoil 
cylinder. 


3. 2. 1,1  Rod  Seal 

The  rod  seal  Is  a  unique  feature  of  the  recoil  cylinder  design.  The 
seal  is  not  subjected  to  the  high  pressure  (over  6,000  psi)  during  recoil. 

The  high  pressure  is  reduced  to  almost  zero  by  the  labyrinth  groves  and  is 
then  bled  off  to  the  low  pressure  end  of  the  cylinder.  The  rod  seal  will 
be  subjected  to  only  the  pressure  required  to  move  the  oil  that  leaks  through 
the  labyrinth  grooves  to  the  front  end  of  the  cylinder.  During  recoil,  the 
front  end  of  the  cylinder  is  actually  under  a  vacuum  caused  by  the  displace¬ 
ment  of  the  piston  rod. 
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3. 2. 1.2  Buffer 

The  buffer  is-  r-  1-3/4  inch  diameter,  6-inch-long  spear  which  plugs 
into  a  cavity  in  the  piston  rod.  The  spear  has  three  parabolic  shaped 
orifice  grooves  designed  to  bring  the  weapon  to  a  stop  with  a  constant 
force  acting  over  a  6-inch  travel.  The  buffer  is  absolutely  foolproof 
since  it  has  no  moving  parts.  Also,  during  counterrecoil,  oil  is  forced 
from  the  front  end  of  the  cylinder  to  the  rear  end,  transferring  the  vacuum 
from  front  to  rear,  thereby,  assuring  the  buffer  cavity  is  full  of  oil. 


3. 2. 1.3  Orifice  Sleeve 

For  a  fixed-length  recoil  system,  the  orifice  sleeve  has  a  number  of 
advantages  over  a  control  rod.  The  piston,  piston  rod,  and  buffer  are 
much  simpler.  In  addition,  the  sleeve  provides  a  means  of  piping  the  bleed 
oil  from  the  labyrinth  seal  in  the  rod  gland  to  the  other  end  of  the  cy¬ 
linder  without  external  plumbing. 


3, 2. 1.4  Replenlsher 

Both  recoil  cylinders  are  equipped  with  an  integral  replensiher.  The 
replenishes  have  a  nitrogen  spring  and  are  at  sufficient  capacity  to  ac¬ 
commodate  all  operational  temperatures  and  provide  a  maintenance-free  life 
of  over  10,000  rounds. 

Electronic  sensors  are  installed  in  the  replenisher  to  indicate  the 
status  of  the  oil  volume,  which  is  displayed  as  estimated  rounds  before 
maintenance  on  a  display  panel. 


3.2.2  Counterrecoil  Cylinder 

The  existing  Ml 09  counterrecoil  cylinder  is  completely  self-contained, 


and  this  basic  design  has  been  retained.  However,  two  major  modifications 
have  been  made  to  the  cylinder: 

•  The  cylinder  has  been  shortened  by  approximately  16  inches  to 
take  advantage  of  the  fixed  21 -inch  recoil  travel. 

•  Electronic  sensors  have  been  included  to  provide  a  readout  on 
a  display  panel  of  the  conditions  of  the  rod  seal  and  piston 
seal . 

3.2.3  Controls 

The  Recoil  System  digital  readout  panel  (see  Figure  3-1)  can  be  mounted 
either  at  the  gunner's  station  or  at  both  the  gunner's  and  assistant  gunner's 
station.  Each  unit  indicates  the  condition  of  the  recoil  system  by  a  per¬ 
centage  readout.  If  any  function  reaches  its  lower  limit,  an  X  will  begin 
flashing  in  the  numeral  1  position  of  that  indicator.  Simultaneously,  the 
fire  inhibit  circuit  will  be  activated,  interrupting  the  trigger  switch. 
Therefore,  to  fire  the  weapon,  the  gunner  will  be  required  to  engage  the 
override  switch  on  the  panel,  thus,  acknowledging  a  lower  limit  condition 
within  the  system.  The  orange  displays  can  be  quickly  and  easily  read  in 
direct  sunlight  and  at  a  distance  of  20  feet.  This  will  allow  the  displays 
to  be  monitored  while  recharging. 

3.3  CONCLUSIONS  AND  GROWTH  POTENTIAL 

The  recoil  system  discussed  here  is  a  significant  improvement  for  the 
M109A2  because  it  is  a  simple  design  that  will  provide  improved  performance, 
it  is  designed  for  RAM-D  improvement,  and  it  enhances  performance  of  the 
autoloader.  As  explained  earlier,  the  recommended  approach  has  traded-off 
the  redundancy  possible  with  a  four-cylinder  system  in  order  to  make 
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RECOIL  SYSTEM  DIGITAL  READOUT  PANEL 
(SCALE:  FULL  SIZE) 


BECKMAN  SP330  DISPLAYS 


COUNTER  RECOIL  FUNCTIONS 


CYLINDER  PRESSURE 
2000  PSI 


PISTON  OIL  VOLUME 


ROD  OIL  VOLUME 


TEST  SWITCH 
MOMENTARY  ON,  ALL 
INDICATORS  READ  100% 


RECOIL  FUNCTIONS 

LOWER  RECOIL 

_  ... 

UPPER  RECOIL 

COUNTER  RECOIL 

PRESSURE  % 

PRESSURE  % 

PRESSURE  ft 

REPLENISHER  PRESSURE 

25  PSI 

100 

100 

100 

LOW  LIMIT  10 

LOW  LIMIT  10 

LOW  LIMIT  1500 

PISTON  OIL  % 

PISTON  OIL  % 

PISTON  OIL  ft 

REPLENISHER  OIL  VOLUME 
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100 
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LOW  LIMIT  5 

LOW  LIMIT  5 

LOW  LIMIT  5 

FIRING  SWITCH 
OVERRIDE 

TEST 

ROD  OIL  ft 

FIRE  INHIBIT  SWITCH 

100 

WITH  COMBAT  OVERRIDE 

ALL  UNITS 

INHIBIT 

100ft 

LOW  LIMIT  5 

Figure  3-1.  Recoil  System  Digital  Readout  Panel  (Scale:  Full  Size) 


possible  a  low-cost  adaptation  to  the  M109A2. 

future  design  of  an  all -new  guu  ?nd  turret  combination  can  use  paired 
recoil  and  counterrecoil  cylinders.  The  potential  safety  and  life  advan¬ 
tages  of  such  a  system  would  then  have  to  be  traded-off  against  the  extra 
weight  and  cost. 


4.1  AUTOLOADER  R&M  MODEL 

This  report  presents  a  preliminary  assessment  of  reliability  and  main¬ 
tainability  characteristics  of  an  automatic  feed,  load,  and  recoil  system 
concept  for  a  155mm  self-propelled  howitzer.  The  data  presented  are  con¬ 
sidered  to  represent  typical  values  for  generic  components  in  a  severe 
environment.  While  the  assessed  values  for  individual  components  likely 
possess  a  large  degree  of  Inherent  error,  both  high  and  low,  some  errors 
should  cancel,  and  the  result  indicates  a  ballpark  figure  for  the  toal 
assembly.  In  this  regard,  the  analysis  should  not  be  considered  as  con¬ 
clusive,  but  rather  as  a  point  of  departure  to  stimulate  thinking,  arouse 
concerns,  and  guide  follow-on  efforts. 

The  three  values  presented  on  the  block  diagrams  are  defined  below: 

•  Af  a  Fal lures/10®  rounds 

Where  failure  results  in  complete  loss  of  autoload  capability. 
No  allowance  is  made  for  the  capability  to  revert  to  manual 
loading. 

•  Am  *  Maintenance  actions/10®  rounds 

Where  maintenance  action  is  considered  as  any  repair  necessary 
to  retain  full  capability.  This  includes  replacement  of 
failed  components,  adjustments,  and  preventive  repair  (tighten 
bolts,  replace  seats,  etc.) 

w  .if  *  Average  corrective  maintent.i  ce  time  in  hours  for  maintenance 


actions.  This  includes  only  action  immediate  to  the  autoloader/ 
recoil  assembly  and  assumes  repair  parts  are  readily  available. 


MRBF  =  Mean  Rounds  Between  Failure  =  1 

TF 


MRBMA  =  Mean  Rounds  Between  _  ^ 

Maintenance  Action  Tm 

Any  discrepancy  in  terminology  between  this  portion  of  the  report  and 
other  sections,  the  other  sections  will  prevail. 

The  R4M  Model  and  related  data  are  depicted  in  Figures  4-1  through  4-5. 
Figure  4-1  shows  the  top  diagram  with  its  major  subassemblies  while  Figures  4-2 
through  4-5  show  the  details  of  the  major  assemblies 


30 


to 

cc  Ui 

o  j 

b  00 
<  2 
>^IU 
Ui  “  to 

J55 

LU<< 


So  in 
«■*  r>>. 
odd 


u-Si- 
**  2 


gsg 

•  ♦  i 

o  cs  d 


u.S  h 
*c  5 


8.?!? 

n  in  o 

r« 


u.21- 
*  *  S 


fr¬ 
it  cc 

OCXjiJ 

SwO 

Q>S 

5<-i 

OCC> 

0.1-0 


§8  s; 

WOO 

N  II  II 
UL  2  H 

*  5 


C/J  to 

O  Q 

z  z 

D  D 

O  O 

CC  cc 

I  I 

3  =' 

II  II 


£=« 

111 


S8S 

od  w  o 


u.  2h 

<<  /<  S 


HS 

IL  (fl 

(CXZ 

Q  >■  X 

g<o 

2S31 


K8  % 

d  co  o 


u.2h 

-<^5 


ft  ft 


X  r.  X 

in  Tf 

cv  2,- 

s  s 


poo 
Son 
^  do 

CM 


u.  5|- 
'<  <  2 


cc 

Ui  Ui 

Q  _  > 
g2-J 

o<< 

Ol  x  > 


88  S 

co  in  o 


u.  2  fr- 
2 


u.  5 

<<  ^ 

w  w 


Figure  4-2.  Rammer  Assembly 

R&M  Model  Block  Diagram 
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Figure  4-5.  Recoil  Assembly 

R&M  Model  Block  Diagram 


APPENDIX  A 
Autoloader  Calculation* 
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THIS  PROG.  CALCS.  BEARING  STRESS  IN 
HOLES  DUE  TO  BOLT  BEARING  S  MOMENT. 

ENTER  HOLT  (SHAFT)  G  HOLE  DIAMETERS. 

?  .369, .375 

ENTER  HOLE  DEPTH,  BOLT  LOAD  S  MOMENT  ARM. 

?  .375,713.5133,-25 

ENTER  POISSONS  RATIO  G  "E"  FOR  BOLT  MATERIAL. 

?  .29,29500000 

ENTER  POISSONS  RATIO  G  "E"  FOR  HOLE  MATERIAL. 

29500000  .  -  - 

ENTER  HOLE  DEPTH  INCREMENT  (INCHES)  FOR  LOOP  LIMIT. 


?  .03125 

NO.- -  . -  STRESS-ROARK  p<-r  fi-ROARK  -  \U.  --  B-ALTr*  lU . 

1  65041.6  .186755  .186755 

2  60550.4  . 173059  .173859 

-  3 -  - 55698*  3  -  —  - .159927-  - .159927 - - 

4  50381.  .14466  .14466 

5  44431.9  .127578  .127578 

~  4 - - - 37551-.8 - -.107823- - — .107823  -  - .  -  ---- 

7  29087.5  8.35193E-02  8.35193E-02 

8  16793.7  4 . 022O1E-O2  4.82201E-02 

—  -9 - 16793-* 6- - 4*8-2190E-O2 - 4782198e-02 -  - 

10  29087.5  8.35192E-02  8.35192E-02 

11  37551.8  .107823  .107823 

. 1-2 - 4443-1-.9-— - -.-1275-78- - -.127578 -  - 

13  50381.  .14466  .14466 


-  THE— FOLLOWTNG-RR I-NT— OUTS-  ARE -FOR-  ^-2-)— FAS  T~ME  THODS—  FO R-  MAX  RG r  STRESS  CALCS”. 

ROARK  "B"  P/A=  10188.2  ?6(  M/s=  54337.2  P5(  T0TAL=  64525.5 

B-ALT.  P/A=  10188.2  M/s=  54337.2  TOTAL=  64525.5 

PS\ 

-  SE  C  TION-  MOD  .  =  -  3 •  2-8280E-G3  FOR  ROARK  ''B“  S  -  3.28280E-03  FOR  B-ALT. 

NOTE:  IF  ROARK  MB"s  BOLT  DIAM.,  PRINT-OUTS  WILL  BE  EQUAL. 


A-56 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


7-/9-  79 


REFERENCE 


'Ll  Pam  ¥£i 


calcc. 


fkc/iLC.  OF  h/0l< 

hr  Bolt  Hole-, 


I.& 


ri5  dk 


.3 15 

ComeMT  • 


52gggs  Ofj.  ;ECTfQ‘J 

J*  ,  II 2446  /.<J4 
/A-'-  A(o%lC> 

/4/7-f6,G  p<>. 

C cmPoisK  LLLL- ) 


—I==^====r:  LoftP^  g  g7g§S5€g»  )GJC.) 

O/O  Yrr£  'EO^jQE^.  LlM.  5P  /i4L>£~  /3gg.O 

ACTUAL  -?:Q  ES.  OH  IMPACT  ALUXjA/JCGS, 

MO  pttncoi, dlL  "srsec  Beet)  5oG£g£Lm 
OS/MG  (010 -tS  -57££6  8A£ )  7T/g  ffits/c 
Emm . OA_EAFET±/jR£: ItjOSjLS  -2|29  =  2.44  • 

‘Stefi  R.  3-igg? L.}2  s/o.S'&'J  f ' 0 >/_3 95“ 


64525,2 


PCF-RN-I2B4 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


H-1Q-00 


REFERENCE 


M/VI  £/ 


VJo 


Z7/0 


r + g 

■jq  /./#>  M 

•  1  ''  w  I 


•  *  y  Vr**  « 


rs  £^g>p.. 


-es  ml2L. 


fefitz  -Sr  •x'O'-- o  rOo  / 

Cfr=rrc£  do'X,  M'SrteP-,  azrfcz  £n j 


$W.W\ 

<■^1  »■»  ■■  ■■"__■  <j 


-oaoo^rzs  ^qppq^l  E&SSt. 


PtyvAJgeo  Beae/ag 

V~  loo'csit.i tp,  sceeQ ,  -37^  fl/A> 

1/Gri-r  oiz  ft)gceo  Rr  ffA£ 


/J, B.  .''ovr  Be  ru^'i  torr^  ^ojr^t 


PCF-RN-1284 


A-58 


PCF-RN-1284 


A-59 


IX 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 

ENGINEERING  DEPARTMENT 

REFERENCE  A  ~L  ]^A^\ 

(IRlZ 

ae 

S_- 6-7.9  „»r  GO 

‘Support  CHAU.oec 

3 Q&\  Ffy  m'iv 

T~“ 


"SP&PG  JX>¥- 

-H  5.r2hH"neo 


5.375"  3. 5  irrr  m^! 


4.o« 


IM 


m 


'■s' 


vorc-ti  t  veto. 


PCF-RN-1284 


QMMEL  EM  DtlAH 


&>it-slob 


i 


'-4-79 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 

_  REFERENCE 


A-*i 


2k"  TUMec 


ipPOPT  CftWJEL 


ita 


nm\ 

MB«C, 


‘Spe/m  8o)< 

“5 o&-  /b^evSL'i. 


SLIDE.  STOP. 


Rolls  d 


top  sneer  KSMOveo: 


SPfWG-  gQX  .4"  ‘SLIDE  STOP. 

—  ^ 


LID£  ’STOP 


PaJVO  OFF  ED6£5 


i£ 


PCF-RN-1284 


-~\cQ 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 

_  REFERENCE 


62 


'oppQgr  cmwgL 

Al5S£M  SVi. 


M2f 

-,‘oC 


| 

v  5,0  ~.ot> 


* 

i  > 


(2) 


U _ 

HhffcrvP.  LJLim-.os 

}  M  /.2f 

^oPridg  13c*  Verms* 
jJjfrc  Stezl  sheet  (%) 


W  ! 

M/\UC£c&  I 


/.<M\  ,-  ,  -  - 

(max,)  +/§  =  2  6. 'V -TotaI. 

D-g §[i\9om)Uo0r  IZ45 

8(50).^ 

•5  »  =  I 1 2>A&9'54 'P5, 

PCF-RN-1294  f  fTO^bj  1^3^  _  »  /  P2 


_ 

~'+2%  I— Oeff. 


5^'($2ty'CeFL. 


(looRt^/os) 


Ca6QS, 

'•  J>W 

/kscJM<c  ^  *P 

d*  . Ill 

Use  ,  loc 
Altaic  (J/£6" 

a  .to  * 


,%5?' 


55M64Y 


mGL  srops : 


Rolled 


lUet 


OSTAdte 
ST oP  — 


SKS? 


es 


UA$Ht=£  *5  - 


^F/xep 


STOP 

(/UP  Slop 
/a;  Holes:) 


i/u  ttie  Support  chmjsc 

TrrnfiE  AP€  T^o  p/*eot 


OVG  ADJUST A6L£  SToP 


//t/  fj-pomou  TO  W£  SU06 


snoe  STOP 


*5.0  foil  Q)  1 


43375  R>£  s)/D 


PCF-RN-1294 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
,  ENGINEERING  DEPARTMENT 

REFERENCE 

/S-79  „„  C 


-L.  '1  >/£.*? 


T ftrfW'O*) 


Egecrot?  Chau  up 


0£D 


l2.348Z+\ 


20.19858 


/  / 

/6J7742 


y^fu\ 

U  m\  28.27598 


27.3I2S 


GeOrAtjr^l 


p — /\/t' —  .25 - ^ 

t^OTE‘5)  '  //  VlHEP‘5IMS  A) ?£  COOROmreD  DoT  AJ6T 


PW,  JUDIOIDOAL  MKXJTSVwU.  D£T££Ml/U£  tXAC? 


iCATeD  O/O  S otf£  R>teTeH-£9  fioR  /UO  7  CALLEO 


oo~T.  PtO)AcefJT  Metal  TwcHnessc^  fib  be  u&joea 


H-frUE  13 seo  Stcecreo  k)iTH  td£LD//V(r  A>  AM*). 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
J/O  ENGINEERING  DEPARTMENT 

REFERENCE 

i 


zL 


G  b 


C£L  )  &*r-  . 

H - ~4.0- - >4  .134 


*51L 


4.(P 


III 


191 


OIMMiEtS 


/Uore:  OW  fit  AJAPE 


PCF-RN-1234 


// 


‘S&HVOtj 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


9-/9-71 


REFERENCE 


*3,5D 


'  j.oc>2^  (mo 


-SrSftgSI 

(T#.) 


#57 


-3.62- 


xCm) 


.i  i  ,!!  i 


I 


28.087 


I  , 

i|  , 


70.89 


l.iMifReR) 


I)  ^1-tEli^  CO 

6tiQ6  />ec-  A1c6j/.z.  C^'fedt 
Saw  Hoc'S*  CF-1  -  5  o£ 


* (^Wf^OT 


JJoow  tenth's 
)07  fe.&D,e ficA 


®?>#U 


•  /-/oie  fog  %  Colt 

2j  FftMAgi  EL&JAT/fOO 
CiL/fiJQij/c  'rs-Offl74fa<J - 
fAiLLG’/i . THu/OUiOO  MojOTcL 
0/4. ,  1*500  fig/  Aw. ,  Ssag; 

J56 ;  lljlJLM ggg  )  %  Z^ 

RoPj£ A  &o  cceu/ s . 


■f  «r  w 

K*3.S7^-H  D. 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


NAME  _  N6ovct 

DATE  I7.~  11-1  Q 


REFERENCE 


A 

(oQ 


^xezroti  QwjiM  s 


lev  m  y 


360*- 


rUAcw  s 


Ml£g 


CA^'i 


<£.  5937^ 


/75; 


VI 


V3 


-40.277 

t 


460.277  * 


-jp*  (  pQ,- 


•P7 


!i  H 


VA 


A.  3, 


w 

l|7 

-» — /i/75  — 


V) 


.(PI) 


(Wl) 


\  do 

y^o 

0  \(b) 


(S$S\ 


(pi) 


/  Wh/sfer^o  Z.QA09, 

*  HI  =  TV^AO” P7r"J  -., 

Pi  -TPVwc>))+P7^-0 

IIX/-IA7)  =RlV2j 

R,=  ^ 

^\ao;  t2-  v  - 

y  X  >*■*  -  - - - 


P'2.  »  P(  -  Ul  ■ 


/Jo.  1  OiMiuZL  a  V  Aeg  /JAPV. 


■CM&CTc£S 
Al?r  7P0-£H>c 

AtO  Cj"CA~±r. 


PCF-RN-1284 


PACIFIC  CAR  AND  FOJNDRY  COMPANY 
ENGINEERING  DEPARTMENT  * 

REFERENCE  r] 

LLz  1 1-79  page  <o9 

EeecroR  Cft mujhz 

/  rwi  \  COP  ( • 


—  L 


(PS> 


Af9' 


/CP' 


~P1=F9-T& 


(W2 ) 


Cl+) 


4 


/  /  l^2-P8*5//0(>^)  +  T9(2)t<A2) 

/  \R3 

R4  P2  -  pa o><OV2)- 79  5/0C^ 

X/  UJ2(i3^W)  *P3(lO 

F'b'  Uaav.i4) 

P2  <30,  — 774 

|?4*  P3-W2 

/I  GjRfvrzR  pmcem ,  kB deflA,  (ito-st/c) 

lufrS  Uxe/TT.g/J  TO  AtM6VZfc~  Tflg  ST&r  n^£7 __ 

A  7&  A0  (Ts)  /$  ft^o/AeO  J  (T9)  [S  Cfl-L.coL&'Tc.  Q , 
f  Mi  Tfrr  QT^g/g.  LMJPJ*) £K>  Aer  £Mxqott^.O. 
To  ORTA/iQ  THF  TOTKL  D£FL££TCO,<JS  Of-  77f£_pd 
Bern*  .  -5Aoc£~  T(f£  QPPetl  gxJOS  op  t//f(2.) 
SeAc/Rj  fiizec  coo plgjd  ,  7/fg/M  Qbfc&c ~qo 7  /\ac 
PetArfo  a:  foil  fy  gfj&j  oe ■plzcti'oo  of-  CO  6<=w 


PCF-RN-1284 


V..' 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


n-n-T 


REFERENCE 


EPGCTDIZ  Ctf-MDkLS 


A.UfiC'iSl 


~  Tttt  p  tFUCTihQ  6  F  [2J  0Lry\  Or  JO  I 

Appeofr  &  a  re  o  a*s  rouou%‘ 

H — - *r 


(78/ 


WT  \  ■  ?-<>c<5 


M^OtFi .  OF  (D  t>  T‘  ^  "/ 


Use  ‘S/zJt  6/V6 


(fflr&rmi pnmrp'ivJZ-  ^  =.^21  ^ 

J£  )  O/Kiok  / 

^.74/7^26366  &Q.  Ot  /5  F/Xeo.  cxS/K&W/g') 

t«dssas7  x%0F(5  «Aa  r« 


,  /‘Tl  f  T  lNJ2±L? 

742.4957a2S6sT 


^otar:  b  =•  GjzllQ  •  ( L5 ) 


PCf-RN-1284 


c- 


A.7n  ~ 


djrf.  .  (1 6) 

«c ~ i  v  ' 


7 1  \ 


(YS)a  (/ISVf.4)  '  ffcOD.  DizFUjcr.yQ 

(2)  Sea  a  Tt>  mattf- 


7fe  Mermso  o^eo  ts  ro  £qqp  ~m (T*?) , 
gouxocAje  The  (“ft')  Lows, TtiefJ  ch^jcat£_ 
Tfi£  veKBcv&us  op  (j)f  B em^  &  pm  a 


fy S')  D£FLtcT/&ti(op  (j)  0eam)  TTMTMT^gS 
17i<?  S')  Qen&zrfav  calcola  re d  /ipr vt' 

.  Do.eSj  T(j-f(Td)4(T^j i'-Vc-s  aw  tap  * ."  re. 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


NAME 


SkzJsZL. 


DATE 


REFERENCE 
PACE 


7? 

f  1  *  OF 


BpezTy?  cflftfi'JkLs 
5WES^  A<MC"6l5 


CstuT. 


,  s  i 

(pO— >4 - — — 

(te) 

Mi=urji  *7/^000 

Yi-wrorwo-/-/) 

pi 

>  5^Ce*ii/p/) 

Ul  =  i-J/ji 


ip^-^  M — 

tf*>=V)2*JZ*7W(o9 


(P^ 

i(wi) 


pg- 


PCF-RN-1284 


^<^xl2/p2^ 
02  -  PVJ2 


i_ 

%z) 


A-72 


C&QT&R  PiP 


(F^)=<sQii(h^2  +£n?2) 


(FiV  SQ^2^1ta) 


kTJ ?f- 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 

_  REFERENCE 


STEess 


%:  i  *>  :  i 


( V 


CcMt. 


5(H) 


.it 

igi, 


-  (L? 


(Mi) 


(Km 


ifl  f-Qi 1  F3>)‘ 

p.<j  j 

*'  y  m  r 

1  V-.  -+■ 


'om  RMM :  <9'-3t-0'-^4->) 

»  ■ *  Icmc  f?i) y 

C7T  -  Ml 

Y?  -  L  V^SifiXrf)  +  V I  -  7o7-l  Qejj_  .  (I) 


ft  Cn) 


(ah') 


(Pl-rl-ar;  *0 C6) 


?owd  Form  OLA  :  MoR  f  X  -  Qi  V  — 

A-1"7 

£rz)  1/Qg>*M)-  (te0^wy/i5A/j4i4))X6sc^) 

C/9)"  /-3^5/M(h)  +  Y2  ^JprfrL_0§n^_@ 


PCF-RN-1284 


A-74 


'2-/2-79 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
ENGINEERING  DEPARTMENT 


REFERENCE 


rA-.’/  /  -  .v 

i  \  j  j  ^  f  ^ 


EgBOJOil  CftAMpl  3 
57^g5  WciSfS 
(Mt 


W  [TH  TT‘E  JL6AD5  £ Ur':r':  :-U/ 

jfoe  grjgggggg,  e/w  <g  re  o , 

rc, 

1  :lr  — 1  Jir^nZ-r—  A  5TP,  CweoT&R  F^CZ^'Aj 

Lc  /^B^ECTi,  i;M<  0^=  P  ~J 
,  _  c2-  '  ' - - -  - 

v'.'iUg  THE  1^,* r>'-\ 

Up,  cpt.uotc 

OF  EfiCP  CHAfJfJEL. 

CPcffi  -  'Jt'szTlOfi)  ^  '  "X .  O  _A. 

(DLl~~  .CHOWS'  ,,269#^  1. 1% 2E 

*»4*f  . 

I  A  (2)  .03 7  }  .234926,  /.0625* 

C£)  LA-  .UA^%.3'bM%l.2iE^2 


5T<3£55»^r-  +  -£ 

-  I  A 


(Dl\  sO/)-~Ae^(m)/i3 

©n-  S(2./)=A6S6MI)/I7  +A(5<(c4)M 
©n-  -6(3, A) - A5S(M3)/I4 

(Du-  sa -* fin(pn)/i& 4 m(co)/Eo 


PCF-RN-1284 


A-75 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
.  J/Q  ENGINEERING  DEPARTMENT  , 

REFERENCE  ' 

i v-v-yi  page _ Z6 

(dfc&7[Q(L  OWJUBLS 


57^S  /iAMCiSS 


Aj-jaR  Two  SeAPCH  poos  J  A  r 

~77fg  RjM  C  Z0/1D5 ,  DEHECT/O:0'Z>,  Snivel  ,<=T.,  V 
O&'AWtC. 

~  23CTTG'=2:j7, 822  .  " " . . 

i)0(J  RE  It 
760  REM 

RUN  ' .  . .  •  •  - 

kudefU  _  _  06:44  12/12/79.  Wednesday  io6 

PKOU.  CmLCS.  DEFL., LOADS, MOMS.  &  STRESSES  OF  RAMMER  ERECTOR  CHANS. 


*1  HOR.  ED*. 


#1  DEFL. 


237.822*  ..  .-.142738  in. 


MAX.  bEND.  STkESSES  IN  CHANNELS. 

L4H.r _ _  JA.-J. _ _ J{l-B_ 


9331.3  PSI. 


10332.3  PS | . 


#2  DEFL.  REQ. 
-.1057531a. 

82-T . 

11228.4  P5J. 


82  HOR.  LD. 

.--82JJ22?---. 


#2  DEFL. 
- 18575)0 - 


HOR.  ANGLE 
0.98833°  - 


-#2«a - 

10422.2  P5I- 


A-6COO 


•2  ^  1  ■ 

=  /  ■  • 


J  t  r~t  '•> 


Cf  te5Ai~r-i  1 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
, AO  ENGINEERING  DEPARTMENT 

zh  0  _  REFERENCE  /_l 

'■  0  PAGE  77 


3TPb:C  '^ia  i 'iC!l> 

_Cw?U _ 

C/ml  CotrjiQ£j?£D  ALL  im  Joz/CTS  A5 


c  >V.  r2  \u\LL  CoC-HOCR  f\LL  Jo/pUrS  u>}‘. 


-  •■  w' ," 


r/V  , 


^"5fco* 


/  75* -(!*>; 


/"tyX  v  /  '—‘ROU-E  <■  Caoy-c  7  <3tvL'j, 

A  \/JEAUt  ft  £0j0  ^-!S\  y/ 

r £1^4/1 1 ,  ^F/aj  Jc-.u;-' 

Cl/^3  t t&rrrtrA)  To  /V\ 

5041;  £'  7WS  _ 

C>6g.  AlLVt-  HM.lZ£>V7f'LiMD  /S  QW/&M  6V  (fj 

QjffMrU  'MU  d.  VlfMi QJ^IY.JY'1  ii!2  £2 •-' 
To  Fwo  T/jE  vefLBcrm  awle  of  vie  &dh  cmvec 

C f\Y) 


KbDEFWVl  12 : 48  12719/79"  WEDNESDAY  106 

_ 250  T8=P9 _ 

572  X^Y9"COS(A2) 

574  y4=Y9!{SINCA2) 

_5Z5J-9_=L+x4-X3 _ _ _ 

570  A3 =UEG ( ATM (  C  Y  3+ Y~4  )  /  L9  )  ) 

500  REM 
700  REM 

"1090  X5=Y7"COSCAl) 

1095  Yj=Y7::SIUCAl) 


PCF-RN-1284 


A-77 


NAME 


PACIFIC  CAR  AND  FOUNDRY  COMPANY 
,  )/)  ENGINEERING  DEPARTMENT 

<( 14  - 

-I  l(  ■/  L~  <■ — _  REFERENCE  .  L~ 


Y  l  '■  }/  ’ 


_ /Z-/9-7'? 


PAGE. 


73 


OF 


G^ecToe 

A-^cj >/  s 

COUf. 


WVR  KBDEFL4,kBDE FWV1 

12:49  12/19/79  WEDNESDAY  .106 
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APPENDIX 


M109  Recoil  Cylinders 

Orifice  Area  Derivation 

Vehicle  Motion  Resulting  from  Firing 
Large  Weapons 


Stress  Calculations 


APPENDIX  B1 


M109  RECOIL  CYLINDERS 

Tentative  parameters  (Telecon  Walter  Pape  November  21, 1979) 


Projectile  velocity .  3250  ft/sec 

Projectile  weight . .  93  lb 

Powder  weight . 40  lb 

Recoiling  weight .  9600  lb 

Impulse  =  (1.3)  (3250)  ("  +  =  15483  lb /sec 


32.2 

Free  recoil  energy  _I^_  _  (15483)2  (32.2)  =  402,036  ft-lb 

2m  "  (2)  (9600) 

Nominal  reaction  for  21-inch  recoil 

R  =  (0.8)  (402036)  (12)  =  184,000  lb 

21 


Nominal  time  for  recoil 

Use  200,000  lb  reaction  for  design. 

Maximum  O.D.  of  cylinder 

Assume  piston  rod  diameter 

Assume  3/8  cylinder  wall  and  1/4  sleeve 

Trial  piston  diameter 

Piston  area  =  ~  (5.25  2  -  2.5  2  ) 
100000 

Nominal  pressure  =  jg 

Hoop  stress  =  (5974)  (5.75) 

.75 


*  15483  =  0.084  sec 

184000 

=  6.5  in.  (For  reasonable  retrofit) 
=  2.5  in. 

=  6.5-  1.25  =  5.25  in. 

=  16.739  sq  in. 

=  5974  psi 

=  45,800  psi  (OK) 


N  A  p  e  S  (See  Appendix  B2) 
~WC 


Orifice  area  = 


i.  33  i>7  ---T«81 


Where: 

Ap  =  Recoil  piston  area  sq  in. 

N  =  Number  of  recoil  cylinders 
e  *  Recoil  oil  density  Ib/cu  in. 

S  -  Distance  to  end  of  recoil  in. 

W  =  Recoiling  weight  lb 
K  =  Orifice  discharge  coefficient 

C  =  Ratio  of  orifice  generated  resistance  to  total  resistance  to  recoil. 

Use  a  sharp  edge  orifice  because  it  is  influenced  less  by  variations  in  viscosity  than  a 
round  edge  and  c".  live  better  with  contaminates.  The  discharge  coefficient  "K"  for  a  sharp 
edge  orifice  is  .61 . 

For  guns  whose  trunnion  reaction  are  very  high  compared  to  their  weight,  item  "C"  is 
very  nearly  equal  to  1.0  and  can  be  ignored  in  the  initial  design. 

Then  the  approximate  maximum  orifice  area  = 

A0  -  16.739  /( 2)  (16.739)  (.0313)  (21) 

.61  V  9600 

Ap  3  1.314  sq  in. 

If 

Orifice  sleeve  area  =  (5.752  -  5,252  )  -  4.320  sq  in. 

Percent  cutout  3  1.314  =  30%  (OK) 


4.320 


The  classic  expression  for  orifice  area  derived  in  Appendix  B2  will  give  precise  values  for  the 
portion  of  recoil  stroke  coming  after  the  chamber  pressure  has  ceased  to  produce  a 
significant  force  on  the  breech.  For  weapons  with  a  relatively  long  recoil  stroke,  this 
expression  is  all  that  is  needed  since  the  travel  consumed  while  the  recoil  pressure  is  building 
up  to  maximum  is  a  small  part  of  the  total  travel. 

Fcr  weapons  with  a  relatively  short  recoil  stroke,  like  this  one,  the  recoil  travel 
consumed  during  the  time  the  weapon  is  being  accelerated  can  be  a  significant  part  of  total 
travel.  To  optimize  the  recoil  system  (i.e.  minimum  trunnion  reaction)  for  these  weapons, 
the  orifice  calculations  should  take  into  account  the  varying  breech  force. 

A  very  successful  solution  to  this  is  to  determine  the  position  in  recoil,  where  the 
net  force  on  the  gun  is  zero  and  apply  the  classic  orifice  area  formula  from  there  to  end  of 
recoil.  Then  hold  the  orifice  area,  at  the  zero  force  point,  constant  to  the  beginning  of  recoil. 

Another  method  is  to  actually  solve  for  the  recoil  velocity  at  small  recoil  increments 
during  the  time  of  varying  breech  force.  This  approach  has  been  made  much  easier  with  the 
advent  of  the  computer.  Following  are  calculations  for  orifice  area  using  this  method. 

The  interior  ballistics  were  not  available  for  the  weapon  with  the  parameters  used 
for  this  design.  A  computer  printout  of  the  interior  ballistics  of  a  similar  weapon  was 
available  and  is  used  here  for  an  interim  orifice  design  until  the  interior  ballistics  are  finalized. 


B 1-3 


RECOIL  ORIFICE 


Let: 

I  *  Solution  point 
t  =  Time - sec 

m  *  Recoiling  mass - lb/sec? 

in. 

X  3  Recoil  travel - in. 

Vg  «  Recoil  velocity - in/sec 

fB  *  Breech  force - lb 

Fr  3  Recoil  force - lb 

Fm  =  Mass  force  =  Fg  -  Fr 

Ap  3  Recoil  piston  area - sq  in. 

A0  -  Orifice  area - sq  in. 

K  3  Orifice  discharge  coefficient 

b  3  Orifice  width - in. 


B 1-5 


(2  cylinders) 


16.739  sq  in. 
.0313  Ib/cu  in. 
386  in/sec2 
.61 


.61 


386 

^0  =  1.011  Vn 


739) 3  (.0313)  V 

V 


Sleeve  section  area 


7T 


(5.75J  -  5.25’  ) 


4.320  sq  in 


4 

Using  3  slots  per  sleeve 

0  =  2  if  Aq  =•  .2424  Ao 

(6)  (4.320) 

0  ,  (.2424)  (1.011)  Vg _  3  -245  Vg _ 

b  =  (5.75  +  5.25)  sin  0  =  5.5  Sin  0 
2 

b  =  5.5  Sin  .245  Vg _ 

V^R~ 
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BUFFER 

Piston  rod  area  required  to  pull  100,000  pounds  at  50,000  psi  stress 
Area  =  2  sq  in. 

Rod  diameter  is  2.5  in. 

Maximum  inside  diameter  of  rod  =  d 

2  =  j  (2.S2  -  da) 
d  =  1.924  use  1-3/4 

Buffer  spear  area  *  (1.75J )  a  2.405  sq  in. 

Assume  the  counter  recoil  force  in  battery  will  be  1-1/2  times  the  recoiling  weight 

(maximum)  and  the  pressure  will  double  in  the  21"  stroke. 

Approximate  stored  energy  ■  9600 [  1 ,5  +.(  3  )  1  21 

2 

En  =  453,600  in-lb 

The  recoil  cylinders  will  dissipate  approximately  1/2  of  this  during  counterrecoil. 

Energy  to  be  dissipated  by  2  buffers  is  then  226,800  in-lb 

Force  per  buffer  with  a  "6"  stroke 

F  *  201000  «  18,900  lb 

(2)  (6) 

Pressure  *  16750  ”  7,859  psi 

2.405 

Buffer  orifice  area  3  Ap  p\pNeX  ^See  APPendix 

IT  -I  w  ~ 


Use  a  round  edge  orifice,  U  •  1,  because  the  small  clearance  between  the  I.D.  of  the 

buffer  cavity  and  the  buffer  spear  precludes  a  sharp  edge  orifice. 

Then  A0  =  2.405  /  (2.405)  (2)  (.0313)"  X 

1  V  9600 


A0  =■  .00952  JT 

Use  3  orifice  grooves  .100  wide 

Groove  depth  =  .00952  V  X  =  .03173  V'X 
(3)  (.100) 

8uffer  orifice  depth  d  =  .03173  V^c" 

X  d 

in  in 

0  0 

1  .032 

2  .045 

3  .055 

4  .063 

5  .071 

6  .0/  3 
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ORIFICE  AREA  DERIVATION 
Find  the  orifice  area  for  a  constant  force  recoil  system. 


APPENDIX  B2 


Let: 

W  «  Recoiling  weight - lb 

Ap  =  Recoil  piston  area - sq  in. 

N  *  Number  of  recoil  cylinders 

e  =  Recoil  oil  density - Ib/cu  in. 

S  =  Distance  to  end  of  recoil - inches 

F  =  Total  force  resisting  recoil - lb 

P  =  Pressure  developed  by  orifice - psi 

C  =  Ratio  of  orifice  generated  force  to  total  force 

K  *  Orifice  discharge  coefficient 

Vg  =  Recoil  velocity - in./sec 

Vo  *  Velocity  of  oil  through  orifice - in./sec 

=  Orifice  area - sq  in. 

G  *  Acceleration  of  gravity  --  in/sec^ 

After  the  propellent  gasses  cease  to  act  on  the  breech,  the  kinetic  energy  of  the  recoiling 
weight  at  any  point  "S"  is  equal  to  the  work  that  will  be  done  by  the  constant  force  "F" 
acting  through  the  distance  "S". 


K.E.  =  FS  =  wVg 
2G 


J 


2GFS 

W 


Oil  velocity,  VQ  ■  Vg  Ap 


KAq 


Vn  also  equals 


V2G-  =  V9  -AP  - 

v  e  KA, 


Aq 


A0 


-  A£ 
K 
A  r 


^  ,  n  jm 

K  V  WP 
Since  C  =  PNAP 


P=- 


NApC 


=  _Ap 

K 


J 


NAeS 

WC 


I 
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APPENDIX  B3 


At  turn  around,  d  rotation,  ail  input  will  be  in  strain  energy  of  the  suspension. 


En  =  1/2  KG2 

1/2  K  e2  =  (1-coswt) 


Case  II  Suspension  is  locked  out 
Let 

a  *  Rotational  acceleration 
w  *  Vehicle  weight 

0  **  Rotation  when  reaction  ceases 


Since  the  angle  of  rotation  will  be  relatively  small,"h"  and  "a"  can  be  considered  as  remaining 
constant  without  appreciable  error. 

Then 


0 


Fh- Wa 
*o 

1/2  « t2 

I 


t2 


2If 


t  = 


0  =  ( 


m 


Fh-Wa  iSn 

'  p2 


2Io 

Energy  input  =  Fh  0 

At  turn  around  P.E.  ^  W  a  9 


Let  Fh  0  =«  Wa  0 
Fh 


0 

0 

e 

9 


Wa 


0 


El  (Fh-Wa,  12 m 
Wa  2I0  pa 
-  f2mh  Fh-Wa 
2  In  '  FWa  ' 


i!m_h 

2  In 


Wa  F 
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M109  motion  caused  by  firing  impulse  as  a  function  of  recoil  length. 

Approximate  parameters  of  the  f>  '  09 

Impulse  of  round - 15,-  .13  Ib/sec 

Weight -  53,000  lb 

Suspension  spring  rate 

Fore  and  aft  pitch - 27  x  106  lb-in  /rad 

Lateral - 28  x  106  lb-in  /rad 

Moment  of  inertia 

Fore  and  aft  Lateral 

About  c.g.  sprung  weight  187  x  1C6  lb  in2  about  c.g.  sprung  wt  36  x  106  lb 

About  rear  corner  1 204  x  1 06  lb  in  about  edge  of  track  365  x  1 06 


Distance 

Trunnions  to  ground  90  in. 
c.g.  to  spade  102  in. 

Trunnion  to  c.g.  36  in. 

1/2  width  62  in. 


Case  I  active  suspension 
Firing  forward 
FR 


0 


e 

e 

e 


7E  ¥ 


Im 

F 

R 


*  15483  lb  sec 

=  3.864  x  106 
L 

=  36" 


L  =  Recoil  length  in. 


K  *  27  x  106  lb-in 


187  xIO6  lb  in2 


Ji-J 


27  x  106 (386) 


187  x 106 
(3.864  ^  106)  (36) 


cos 


=  7.46 

(7.46)  (15483)  (L) 


27  x  106  L  ’  3.864  xIO6 

1-cos .03 L)  rad 

2  (1-  cos  .03L)  degrees 


_  295 


B3-3 


Case  I  Active  Suspension 
Firing  over  the  side 


K  =  28  x  106  lb-in. /rad 


Iq*  36  x  106  ib  in2 

Vr  •7tf,IM6)-r33 

,  (3.864  x  106) (36)  /2  (1  -  cos  (17,33)  (15483) 
28  x  106  L  V  3.864  x  106 

/  2(1  -  cos  .0694 L  rad 


Q  *  — j—  /  2  (1  -  cos  .0694 L  degrees 
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Case  II  Firing  over  the  side 


0  = 


Im3  h  .  h 
2I0  Wa  ~  F  ' 

I0  =  365  x  106  lb  in3 


a  *  62  in. 

e  ,  ( - 90 - 2.59  x  10*3  L) 

(2) (365  x 106)  (53000) (62) 

0*  11408  (2.74  x  10-*- 2.59  xlO-7  L) 


0-.  11408  (2.74 -.0259  L)  rad 
0  *  6.54  (2.74  -  .0259  L)  degrees 


Case  II  Suspension  Locked  out 


Recoil 

Length 

L 

Firing 

Forward 

0 

Firing 

Over 

The  Side 

e 

20 

2.26 

14.53 

25 

2.00 

13.68 

30 

1.75 

12.84 

35 

1.49 

11.99 

40 

1.24 

11.14 

M109  Rotation  from  Firing  a  15483  Lb/Sec  Round 
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FIG.  97 

NUT  DESIGNS  FATIGUE  TESTED  (WIEGAND) 
(FLOW  UNES-HELE  SHAW  METHOD) 


(c) 


In  the  arrangement  shown  in  Fig.  97c  the  transmitted  load  is  not  reversed.  Fatigue  tests  '*«  showed  ,  fatigue 
**  Cng  1  more  than  (ioul)le  that  °f  the  standard  bolt-nnd-nut  combination  (Fig.  97o). 

1  TtujyjvjfT/Q/o  mm 

Tigers  Cqac  ,  ere. 

-U - 


~75re»  iujj^TSA7mj  •5hoo% 

Stubbs  fteroR. 

UTfo'/O  to  RoLT-AXrTCbu&x 


The  highest  loaded  threads  are  those  closest  to  bolt  head  in 
normal  design  Nexi  drawing  shows  how  load  can  be  evened 


Product  Engineering,  December  1977 
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Table  XI  V.4. — Tolerance*  on  Buttre**  threads,  das*  l  (free) 


Major  diameter 

Preferred  diameter* 

Thread*  per  Inch 

Tot  on 
major  dl» 
oteit 
thread 
and 
minor 
dlaoflnt 
thread 

20 

16 

12 

10 

D 

B 

B 

B 

B 

2W 

2 

IK 

l» 

i 

Totetact  on  pitch  diameter,  eitemal  and  Internal  thread* 

Is. 

Uto*M* . 

is. 

. 

ht. 

0.0063 

fn. 

aoooo 

.0003 

is. 

a  00«7 
.0104 
.0107 
.0113 
.0119 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

0.0050 

.oaw 

,0060 

,0000 

.0060 

.00*) 

.0100 

.mio 

.0130 

•Me  tot _ 

i  to  m . 

94.54.1 . 

1V4.1U.194.U4 

a  oiii 

.0114 

.0120 

.0125 

.0133 

0.0124 

.0130 

.0136 

.0143 

.0132 

.0132 

.0173 

0.0133 

.0144 

.0180 

.0137 

.0105 

.0175 

.0137 

— 

— 

— 

lMtoJJi . 

2Hto4. - 

4  to  6. 

******* 

0.0154 

.0160 

.0157 

.0176 

.0187 

.0197 

n 

------ 

------ 

"***■■ 

a  to  to. . 

iotoia...„ _ 

16  to  24 

Ujljjgg 

B 

.0142 

§§ 

n 

§3 

0.0341 

for  measurement  of  thread  angles  and  pitch  they 
should  be  held  to  close  limits;  see  tables  XIV.2, 
XTV.3,  and  XIV.4. 

(c)  Tolerances  on  minor  diameter  of  external 
thread  and  major  diameter  of  infernal  thread. — It 
will  be  sufficient  in  most  instances  to  state  only 
the  maximum  minor  diameter  of  the  external 
thread  and  the  minimum  major  diameter  of  the 
internal  thread  without  any  tolerance.  However, 
the  root  truncation  from  a  sharp  V  should  not  be 
greater  than  0.0826p  or  less  than  0.04 13p. 

7.  Minimum  Clearances  for  Easy  Assem¬ 


bly. — An  allowance  (clearance)  should  be  pro¬ 
vided  on  all  buttress  external  threads  in  order  to 


secure  easy  assembly  of  parts.  The  amount  of 
the  allowance  should  be  deducted  from  the  nomi¬ 
nal  major,  pitch,  and  minor  diameters  of  the 
external  member  in  order  to  determine  the  maxi¬ 
mum  metal  condition. 

The  minimum  internal  thread  diameters  will  be 
basic. 

The  recommended  allowance  is  the  same  for  all 
three  classes  of  thread  and  is  equal  to  the  class  3 
(close)  pitch  diameter  tolerance  as  calculated 
under  par.  6(a),  p.  29.  The  allowances  for  various 
combinations  of  pitch  and  diameter  are  given  in 
table  XIV.6. 

The  disposition  of  allowances  and  tolerances  is 
indicated  in  figure  XIV.2. 


INTERNAL  THREAD  (NUT) 


EXTERNAL  THREAD  (SCREW) 

Fiqube  XIV.2. — Illustration  of  tolerances,  allowances,  and 
root  truncations,  Buttress  threads. 

2.1  pitch  diameter  allowance  on  external  thread 
i -root  truncation 


Table  XIV.5. — Allowances  on  external  Buttress  threads,  aU  dosses 


Major  diameter 

Preferred  diameter* 

Thread*  per  Inch 

20 

16 

12 

10 

B 

B 

B 

B 

B 

2H 

2 

m 

1M 

i 

Alio  wane,  on  major,  minor,  and  pitch  dlameten 

is. 

U  to  »V4* . 

is. 

V4.Ma.44.U4a _ 

hr 

H 

H 

is. 

is. 

Is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

is. 

1^.  to  1... 

Xi,  £4,1. 

1 

1 

1 

1U  to  2V4- . . 

I1U,2.2£4,2U  _ 

| 

1 

2U  L0  4 _ 

2, 3H,  4 _ 

4  to  6 _ 

444. 5.  514.6 . . 

1 

7  ft  O  to  . 

a  oioo 

.0104 

.0109 

0.0108 

.0113 

.0118 

10  to  15 . . 

::::::: 

0.0126 

.0130 

a  0135 
.0139 

m  to  34 _  _ 

_ 

0.0132 

I j| r  ii II )»'  'mtrnrn^ 

■Ml 

JMM 

mm 

mm 

Screw-Thread  Standards  for  Federal  Services, 
U.  S.  Department  of  Commerce.  National 
Bureau  of  Standards.  1966,  Handbook  H28 
(1957) -Part  III 
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678/Service  Characteristics 
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1 

I 

I 


Fig.  34  Scatter  of  fatigue  limit  data 

Trail*  strength,  kti 


Survival  attar  10  million  cydo*  at  AISI-SAE  4340  itaal  with  Until*  strengths  at  995,  1320, 
and  1340  MPa  (144, 191,  and  267  ksi).  Rotatlng-baam  fatigua  specimen*  tasted  at  10  000  ta 
1 1  000  rpm.  Coefficient*  of  variation  range  tram  0.17  ta  0.20. 


value  of  b  may  be  -  0. 1.  If  the  steel  has 
been  severely  cold  worked,  the  value  of 
b  may  be  -  0.05. 

For  a  fatigue  life  of  more  than  a  mil* 
lion  cycles,  the  use  of  these  parameters 
in  Eq  2  provides  a  slightly  lower  esti¬ 
mate  of  fatigue  limit  than  the  fre¬ 
quently  used  rule  of  thumb  that  the  fa¬ 
tigue  limit  is  half  of  the  ultimate  tensile 
strength. 

The  fatigue  ductility  coefficient,  «>■,  is 
approximated  by  the  true  fracture  duc¬ 
tility,  if,  which  can  be  calculated  from 
the  reduction  in  area  in  a  tension  test 
by 

«•/-«/-  In  ( - \  (Eq  6) 

r  '  ^ioo  -  %raj 

Typical  values  of  e^can  be  approximated 
from  the  Brinell  hardness  number  as 
follows:  t'fia  1.0  for  HB  less  than  200;  t'f 
is  0.5  for  HB  between  200  and  400;  «Jr  is 
0.1  for  HB  greater  than  400.  ^should  be 
calculated  from  %RA  rather  than  using 
these  approximate  values,  if  possible. 

The  fatigue  ductility  exponent,  c,  has 
approximately  the  same  value  (-0.6) 
for  most  ductile  steels.  Severe  cold 
working  may  reduce  the  value  of  c  to 
-  0.7;  annealing  or  tempering  at  a  high 
temperature  may  raise  c  to  about 
-0.5. 

The  elastic  modulus  (Young’s  mod¬ 
ulus),  E,  i3  the  slope  of  the  elastic  por¬ 
tion  of  the  uniaxial  stress/strain  curve. 
For  most  steels,  it  has  a  value  of  about 
200  GPa  (29  x  10s  psi).  Further  infor¬ 
mation  on  estimating  these  fa¬ 


tigue  parameters  may  be  found  in  Ref  8. 

Estimating  Fatigua  Ufa.  Design¬ 
ers  of  machine  components  chat  will  be 
subjected  to  cyclic  loading  would  like  to 
be  able  to  predict  the  fatigue  life  from 
basic  materials  parameters  and  antici¬ 
pated  loading  patterns.  However,  the 
scatter  of  fatigue  data  is  so  great  that 
the  likelihood  of  accurate  predictions  is 
extremely  low.  The  methods  and  ap¬ 
proximations  in  this  article  and  Ref  4, 7, 
8  and  12  can  provide  some  indication  of 
fatigue  life. 

In  a  particular  situation,  assessment 
of  the  seriousness  of  fatigue  is  aided  by 
knowledge  of  the  cyclic  strains  involved 
in  fatigue  at  various  lives.  These  gener¬ 
alizations  are  useful  guidelines  for  duc- 
fle  steels: 

1  If  the  peak  localized  strains  are  com¬ 
pletely  reversed  and  the  total  range 
of  strain  is  less  than  SJE,  fatigue 
failures  will  occur  in  a  large  number 
of  cycles  or  not  at  all. 

2  If  the  total  strain  range  is  greater 
than  2%  (amplitude  ±  1%),  fatigue 
failure  will  probably  occur  in  less 
than  1000  cyfcles. 

3  Part  configurations  that  prevent  uti¬ 
lization  of  the  ductility  of  the  metal 
or  metals  that  have  limited  ductility 
are  highly  susceptible  to  fatigue  fail¬ 
ures. 

In  the  long-life  fatigue  region,  the 
relative  magnitude  of  the  change  in  fa¬ 
tigue  strength  due  to  processing  may  be 
crudely  estimated  by  the  relative 


chenges  produced  in  the  ultimate  ten¬ 
sile  strength  and  the  hardness.  If  the 
ductility  change  is  also  measured  and  if 
the  qualitative  effects  of  various  pro¬ 
cesses  on  different  types  of  metal  are 
known,  more  refined  estimates  of  the 
change  in  fatigue  behavior  can  be  made 
without  resorting  to  extensive  fatigue 
testing. 

Fatigue  life  may  be  estimated  by  in¬ 
serting  a  calculated  strain  amplitude 
and  the  appropriate  materials  parame¬ 
ters  from  Table  3  into  Eq  4,  solving  for 
N  f.  Where  deformation  is  purely  elas¬ 
tic,  a  calculated  stress  amplitude  and 
Eq  2  may  be  used.  The  calculated  fa¬ 
tigue  life  must  be  adjusted  to  compen¬ 
sate  for  stress  concentre,  ions,  surface 
finish  and  the  presence  of  aggressive 
environments,  as  described  in  Fig.  7 
f  nd  Ref  2.  Alternatively,  the  calculated 
stress  may  be  adjusted  by  using  stress 
concentration  factors  such  as  those  in 
Ref  9  and  10.  Any  of  these  calculations 
include  the  assumption  that  the  loading 
is  fully  reversed  (R  ■  - 1). 

Potter  (Ref  11)  has  described  a 
method  for  approximating  a  constant¬ 
lifetime  fatigue  diagram  for  unnotched 
specimens.  Using  this  method,  a  series 
of  points  corresponding  to  different  life¬ 
times  are  calculated  and  plotted  along 
the  diagonal  line  on  the  left  side  (R  ■ 
- 1).  Each  of  these  points  is  connected 
by  a  straight  line  to  the  point  of  the 
other  diagonal  ( R  =  1.0)  that  corres¬ 
ponds  to  Hie  ultimate  tensile  strength. 
A  comparison  between  the  estimated 
constant-lifetime  diagram  and  the  ex¬ 
perimentally  determined  diagram  is 
given  in  Fig.  26.  The  calculated  lines 
correspond  well  with  the  experimental 
iines.  Generally,  the  predicted  lines 
represent  lower  stresses  than  th  e  actual 
data.  Estimating  fatigue  parameters 
from  the  Brinell  hardness  number  pro¬ 
vides  more  conservative  estimates. 
These  results  are  only  approximations, 
and  the  methods  may  not  apply  for  ev¬ 
ery  material. 

Cumulativa  Fatigua  Damaga. 

The  data  presented  in  this  article,  and 
most  other  published  fatigue  data,  were 
obtained  from  constant-amplitude  test¬ 
ing;  every  load  cycle  in  the  test  is  iden¬ 
tical.  In  actual  service,  however,  the 
loading  can  vary  widely  during  the  life¬ 
time  of  a  part.  There  have  been  many 
programs  to  evaluate  the  cumulative 
effects  of  variations  in  loading  on  the 
fatigue  behavior  of  steels.  References  3 
and  11  through  13  describe  methods  of 
analyzing  cumulative  damage.  A  few 
overload  cycles  can  reduce  the  fatigue 
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